H
EART FAILURE (HF) IMPOSES one of the highest disease burdens of any medical condition in the United States, with an estimated 5.8 million patients experiencing HF in 2006. 1 The risk of developing HF increases with advancing age, 2 and as a result, HF ranks as the most frequent cause of hospitalization and rehospitalization among older Americans. 3, 4 Heart failure is also one of the most resource-intensive conditions with direct and indirect costs in the United States estimated at $39.2 billion in 2010. 1 As the US population grows older, the HF hospitalization rate would be expected to increase. But several other factors may counterbalance this demographic trend. Recent declines in the incidence of ischemic heart disease, 5, 6 a common precursor for HF, may have led to declines in HF hospitalizations. Hypertension is an important cause of HF 7 ; rates of blood pressure control have also improved over time. 8, 9 Higher use of secondary prevention therapies [10] [11] [12] may have led to fewer recurrent HF hospitalizations. Secular trends in thresholds for hospital admission may also have a role, as clinicians substitute outpatient instead of inpatient care when feasible. 13 How HF hospitalization rates have changed in recent times is unknown, particularly on a national scale. Surveillance studies have produced clinically validated information on trends in HF incidence. The Framingham Heart Study 14 found no change in HF incidence over the past 50 years for men and a decline of about one-third for women. Heart failure incidence in Olmsted County, Minnesota, was stable from 1979 to 2000. 15 Administrative data provide an alternative for assessing HF hospitalization trends on a national scale, given that surveillance studies may have limited generalizability to national trends. The availability of a complete sample of Medicare fee-for-service claims provides sufficient numbers to precisely estimate changes in HF hospitalization rates across demographic subgroups. A complete national sample can also accurately estimate trends across geographic regions to identify specific locations for targeted interventions.
Accordingly, we analyzed a 100% sample of Medicare beneficiaries to identify trends in HF hospitalization rate from 1998 to 2008, nationally and by state or territory. Because changes in survival after HF hospitalization may have changed the denominator of HF patients at risk for recurrent hospitalization, we also examine trends in 1-year mortality after HF hospitalization, nationally and by state or territory.
METHODS
We used inpatient National Claims History files from the Centers for Medicare & Medicaid Services (CMS) to identify all fee-for-service Medicare beneficiaries who were hospitalized for HF from 1998 to 2008. These administrative claims included information on patient demographics (age, sex, race), admission and discharge dates, and principal and secondary diagnosis codes (as coded by the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]). Heart failure hospitalizations were defined as admission to an acute care hospital for a principal discharge diagnosis of HF according to the following ICD- 9 Corresponding Medicare denominator files from 1998 to 2008 were obtained that contained information on a patient's eligibility and enrollment in Medicare. Dates of death were ascertained through the corresponding vital status file from CMS, which includes both in-hospital and out-ofhospital deaths. Beneficiaries were excluded from the analysis if they were younger than 65 years or were hospitalized or resided outside of the 50 US states, the District of Columbia, and Puerto Rico.
Institutional review board review and approval was obtained through the Yale University Human Investigation Committee. Medicare data were protected through a data use agreement with CMS.
The unit of observation was a single beneficiary in a single year. The initial sample consisted of 479 198 670 observations in the denominator file (ie, Ͼ40 million Medicare beneficiaries each year over 11 years). We then excluded observations for patients younger than 65 years (n=93 403 663); patients enrolled in managed care programs over an entire calendar year (n = 69 398 888); and patients with home residence outside of the 50 US states, the District of Columbia, and Puerto Rico (n=1 482 403). The final sample included 320 618 412 observations over the study period for patients who were 65 years or older, who had at least 1 month in Medicare feefor-service, who were living in the targeted 52 states/territory/district. This represented 55 097 390 unique individual beneficiaries who contributed a total of 312 636 599 person-years of observation from 1998 to 2008.
Patient Characteristics and Comorbidities
Clinical characteristics of HF patients were examined across years and stratified according to demographic factors of age (65-74 years, 75-84 years, 85 years or older), sex, and race (white, black, other). Race was determined using the Medicare denominator file, which used patient-reported data from the Social Security Administration. 16 Comorbidities examined were identical to those used by the CMS HF 30-day mortality measure for profiling hospitals. 17 Clinical comorbidities were identified from secondary diagnosis codes that did not represent potential complications from the initial HF hospitalization, as well as principal and secondary diagnosis codes of all hospitalizations for any cause up to 1 year before the initial HF hospitalization. For conciseness, patient characteristics were reported in 2-year intervals over the study period. Length of stay was calculated based on admission and discharge dates.
Primary Outcomes
We calculated the HF hospitalization rate separately for each year by dividing the number of HF hospitalizations by the corresponding person-years of Medicare fee-for-service beneficiaries for that year. Because Medicare fee-forservice beneficiaries were enrolled throughout the year, some beneficiaries were in fee-for-service for the entire year while others were in for a few months. We tabulated the total beneficiary months at risk (subsequently converted to beneficiary years) for a given year to use as the denominator, with the total number of HF hospitalizations for a given year as the numerator. Because beneficiaries can be hospitalized multiple times for HF in a given year, we also calculated the number of unique beneficiaries who were hospitalized with HF in a given year per 100 000 denominator population.
To calculate 1-year mortality, we identified all HF hospitalizations that occurred in a given year of interest; if a patient had more than 1 HF hospitalization in a given year, 1 HF hospitalization was selected at random. The admission date of the HF hospitalization represented the "time zero" for the mortality analysis; that is, we examined the proportion of patients who died within 1 year of the HF admission. As a result, the 1-year mortality rate represented the likelihood of death within 1 year among HF patients hospitalized in a given calendar year. We assessed trends in 1-year mortality starting from 1999 rather than 1998 in or-TRENDS IN HEART FAILURE HOSPITALIZATION AND MORTALITY der to have a full year of comorbidity data available for all beneficiaries. We conducted sensitivity analyses comparing age-sex-race mortality models with age-sex-race-comorbidity models to assess the potential influence of changing comorbidity coding patterns on trends in risk-adjusted mortality.
Statistical Analysis
To evaluate the statistical significance of changes across years in patient characteristics, HF hospitalization rate, and mortality rate, we used the MantelHaenszel 2 test of linear association for categorical variables and the Cuzick nonparametric test for continuous variables. The Cuzick test is an extension of the nonparametric Wilcoxon rank sum test to evaluate trends in a measured variable across more than 2 ordered groups. 18 For assessing trends in the overall age-sex-race-adjusted HF hospitalization rate, we calculated the number of HF hospitalizations and total person-years in each state for 18 demographic combinations representing 3 age categories (65-74 years, 75-84 years, and 85 years or older), 2 sex categories, and 3 race categories (white, black, other).
Because of the natural clustering of observations within states, we used a 2-stage (patient-level and state-level) hierarchical generalized linear modeling (HGLM) approach for evaluating HF hospitalization rate and 1-year mortality rate as a function of patient characteristics and a random state-specific effect. This strategy accounts for withinstate correlation of the observed outcomes. Details of the derivation, validation, and performance of an HGLM approach compared with a medical record model of HF have been published, and such an approach is used by CMS for public reporting of hospitalspecific HF mortality. 19 Hierarchical Poisson regression models with the 50 states, Puerto Rico, and Washington, DC, as random intercepts were used to estimate annual changes in the age-sexrace-adjusted HF hospitalization rate, and hierarchical logistic regression models were used to estimate annual changes in the age-sex-race-comorbidityadjusted 1-year mortality rate. Analysis of trends for the incidence and mortality models incorporated dummy variables representing each year in order to evaluate yearly changes in hospitalization or mortality rates. The baseline year served as the reference for each subsequent year; we report the point estimate and 95% confidence intervals for each year representing the change from the baseline year's HF hospitalization (change in incident rate ratio [IRR]) or mortality rate (change in odds ratio [OR] of 1-year mortality). Heart failure hospitalization rates and 1-year mortality rates were examined separately for each race-sex category (eg, white male, black female, etc) using age-adjusted models adjusted for HF hospitalization rate and age-comorbidity-adjusted models for mortality rates.
Risk-adjusted HF hospitalization and mortality rates were calculated for each year that represented what the rate would have been if the mix of patients were identical to the initial year (ie, 1998 for HF hospitalization, 1999 for 1-year mortality) using dummy indicator variables for each year from the regression models. The coefficients of these dummy indicator variables in the Poisson regression model for HF hospitalization represented changes in IRR for a given year compared with 1998. Similarly, the coefficient of these indicator variables in the logistic regression model for 1-year mortality represents changes in the relative OR compared with 1999; these ORs were converted into relative risk ratios using the method of Zhang and Yu 20 before calculating risk-adjusted 1-year mortality rates.
State Analyses
We calculated risk-standardized HF hospitalization and 1-year mortality rates separately for each of the 50 states, the District of Columbia, and Puerto Rico using an approach analogous to prior work estimating risk-standardized HF mortality rates across hospitals. 19 All Medicare fee-for-service beneficiaries were sampled if they met the study inclusion criteria. To categorize hospitals, we produced hospitalspecific probabilities of particular events. This was accomplished using a bootstrapping procedure that sampled states with replacement. For example, to determine whether the change in HF hospitalization rate for a specific state/ district/territory was significantly different (PϽ.05) from the mean change for the nation, we sampled the 52 state/ district/territories with replacements for the baseline (1998) and final years (2008) and fit an HGLM using all patients within each sampled state.
This process was repeated 2000 times with replacements to estimate statespecific point estimates and 95% confidence intervals of the change in statespecific HF hospitalization rate from 1998 and 2008; states were then classified as significantly higher or lower than the national mean change in HF hospitalization rate. We estimated the probability that a particular state had an HF hospitalization rate higher than the mean national rate based on the proportion of bootstrapped estimates exceeding the national mean. We used the same approach for the 1-year mortality rate, except that the baseline year was 1999 and the final year was 2008, and we reported the number of states that were higher, no different, or lower than zero change over the study period because 1-year mortality changed only slightly over the study period.
Analyses were conducted using SAS version 9.2 (SAS Institute, Cary, North Carolina) and HLM version 6 (Scientific Software International, Lincolnwood, Illinois). Significance level was PϽ.05 using 2-sided tests. Maps of HF hospitalization and 1-year mortality rates were created using ArcView 10 (EsrI, Redlands, California).
RESULTS
Patient characteristics of the HF cohort are reported in TABLE 1. The mean age increased from 79.0 years to 79.9 years (PϽ.001 for trend) over the study period. There was a decrease in the proportion of female patients (58.9% to 55.7%, P Ͻ .001) and increase in the For heart failure (HF) hospitalization rate, the dotted line indicates the overall national decline. The probability represents the point estimate of the likelihood that the change in a state's HF hospitalization rate exceeds that of the overall national rate (−838 per 100 000). For 1-year mortality, the solid line represents no change. The probability represents the point estimate of the likelihood that the change in a state's mortality rate exceeded zero. All probability was based on bootstrap analysis. FIGURE 3) . In 2008, the 1-year risk-standardized mortality rate ranged from a low of 29.1% in Maine to a high of 35.2% in Arizona. Washington, DC, had the largest relative decline (from 32.0% to 30.3%) while South Dakota had the largest relative increase (from 30.2% to 33.0%) (Figure 2 ). There were 4 states with a statistically significant decline in 1-year risk-standardized mortality between 1998 and 2008 and 5 states with a statistically significant increase. The change in a state's risk-standardized 1-year mortality rate was not associated with whether it started with a low or high baseline rate; the 1999 rate was not significantly associated with subsequent change in mortality rate from 1999 to 2008 (PϾ .99) and explained little of the variance (r 2 =0.01).
COMMENT
To our knowledge, this is the largest study to date examining trends in HF hospitalization rates across the United States. We found a relative 29.5% decline in the risk-adjusted HF hospitalization rate from 1998 to 2008 that was primarily the result of fewer unique individuals hospitalized for HF. The decline in HF hospitalizations is even more remarkable given that a small trend toward improved survival after HF hospitalization would allow for potentially more repeat hospitalizations for HF in a given year. In absolute terms, this implies that if the 2008 Medicare fee-for-service population of 27.3 million had an HF hospitalization rate similar to that of 1998, an additional 229 000 HF hospitalizations (95% CI, 219 000-238 000) would have been expected that did not occur. With a mean HF hospitalization cost of $18 000 in 2008, 21 this decline represents a savings of $4.1 billion in feefor-service Medicare.
Throughout this time, there were changes in risk factors and clinical practice patterns that may explain the decline in HF hospitalizations. First, the HF hospitalization rate may have decreased because of fewer incident HF cases. Risk factors for developing HF have decreased in recent years. For example, rates of coronary artery disease, accounting for more than 60% of HF cases, 22 have decreased as demonstrated by studies reporting a decrease in acute myocardial infarction rates over the past decade. 5, 6 In addition, the risk of developing HF after myocardial infarction has declined over time, 23, 24 which may reflect improvements in myocardial salvage. Hypertension is another important cause of HF, 7, 25 and blood pressure control has improved modestly over time, 8, 9 which may have contributed to a decline in incident HF. Second, changes in secondary prevention may reduce HF exacerbations leading to hospitalization: HF treatments such as ␤-blockers, angiotensinconverting enzyme inhibitors, and angiotensin receptor blockers are known to reduce recurrent HF episodes, and use of many of these medications has increased over time. 11, 26 Device therapy has also become more common for HF patients, which may have led to fewer repeat HF episodes. 27 Third, our findings may reflect changing clinical practice patterns favoring outpatient rather than inpatient management of HF. A study by Ezekowitz et al 13 observed that hospitalizations represented a smaller proportion of HF cases (39% to 30%) from 2000-2006 in Alberta, Canada, with a corresponding increase toward outpatient and emergency department care. However, shifts away from inpatient to outpatient care of HF would be expected to affect HF hospitalization rates to a limited extent, as clinical discretion to avoid hospitalization would presumably exist only for HF cases of milder severity. While many of these factors may have contributed toward a decline in HF hospitalizations, our study is unable to determine causality.
Our finding of a substantial decline in HF hospitalizations is in contrast with studies from earlier time periods. In the Framingham Heart Study, the incidence of HF was generally stable between 1970 and 1999.
14 A study of subjects living in Olmsted County, Minnesota, also suggested that HF incidence was unchanged from 1979 to 2000. 15 In the National Hospital Discharge Survey, Fang et al 28 [30] [31] [32] [33] Differences in HF case ascertainment may also explain contrasts in HF trends across prior studies. For example, a study from southeast London reported that HF incidence (identified from both hospital and clinic visits) was unchanged between 1995-1997 and 2004-2005 34 ; data on HF hospitalization were not reported separately. The study by Ezekowitz et al 13 reported that the HF incidence rate would have decreased more slowly if outpatient and emergency department visits were included in addition to hospitalizations. While our study only examined hospitalized HF cases, documenting a decline in HF hospitalizations over time is an important finding in its own right because it suggests that overall HF incidence or its sever- ity has decreased or that the medical system is more effectively triaging a number of HF patients for outpatient or emergency department care. Our study reveals a decline in the denominator of fee-for-service Medicare patients over 11 years, consistent with rising enrollment for Medicare managed care programs. 35, 36 However, Medicare managed care patients are likely healthier than their fee-for-service counterparts, 37 a phenomenon that makes the observed decline in HF hospitalization rates in the fee-for-service population even more dramatic, considering the latter group would be expected to be composed of sicker patients. Although the decline in riskadjusted 1-year mortality rate of an absolute 2.1 percentage points between 1999 and 2008 was statistically significant, we must be cautious in its interpretation. First, risk-adjusted 1-year mortality appeared to have a nadir in 2006, and thus more recent mortality trends may not be as favorable. In addition, we note that the absolute number of lives saved over time was modest. If the 2008 Medicare fee-forservice HF population had the 1-year mortality rate of 1998, this represents only an additional 8378 HF patients alive at 1 year. Although any improvements in HF survival are to be welcomed, reductions in 1-year mortality over the past decade were modest on an absolute scale. Lastly, not all states had equal decreases in 1-year mortality; in fact, 5 states had significant increases in 1-year mortality over the study period, indicating a need for better treatment strategies in these areas.
Our study found that some comorbidities appeared to have increased over time in patients hospitalized for HF. Although some of this increase may have represented changes in coding patterns by hospitals, clinical data from the National Health and Nutrition Examination Survey suggest that the prevalence of comorbidities has increased over time in HF patients, including hypertension and renal dysfunction. 38 We conducted sensitivity analyses examining how adding comorbidities would affect the mortality models. Age-sexrace-adjusted models estimated a decline in 1-year mortality from 31.7% in 1999 to 30.6% in 2008, whereas additional adjustment for comorbidities resulted in a decline to 29.6% in 2008. This suggests that secular changes in comorbidity coding would be expected to have limited influence on the change in mortality rates.
The decline in 1-year mortality for HF hospitalizations is consistent with reports of improved survival in both Framingham and Olmsted County cohorts. 14, 15 In a prior study of Medicare beneficiaries, risk-adjusted 1-year mortality decreased between 1994 and 2002. 29 These trends are also consistent with our earlier study reporting 30-day mortality from 1993 to 2006 (a decrease from 12.6% to 10.8%). 39 A recent study from the Veterans Administration (VA) of patients 80 years and older reported that 1-year mortality decreased from 49% to 27% over 1998-2008. 40 While our study did not find such a dramatic change, this may be due to differences in the respective patient populations: VA patients were nearly entirely male, and the risk profile of HF patients who seek care at VA vs non-VA hospitals may have changed over time. Our study was unable to identify the causes of improved survival after HF hospitalization, but we speculate that improvements in clinical care (pharmacologic, device, risk factor management) that led to decreased HF hospitalizations decreased mortality as well.
Although the HF hospitalization rate has decreased nationally, our results demonstrate this has occurred unevenly across race-sex categories, especially for black men, who had the lowest rate of decline. Similarly, 1-year mortality declined for all race-sex categories except for nonwhite nonblack women. Administrative data do not identify the reasons for these disparities but demonstrate important areas for future investigation into differences in clinical presentation and treatment patterns.
Our study was limited to the Medicare population, and trends in HF hospitalization and mortality may differ in younger patients with different types of insurance. We were unable to determine whether the observed changes were due to changes by hospitals in medical coding; however, substantial up-coding or down-coding would likely result in changes to the coefficients of the CMS HF mortality model, and these coefficients remained stable from 2005 to 2008. 41, 42 We were unable to determine whether certain subcategories of HF may have differed, ie, systolic vs diastolic HF, and ischemic vs nonischemic HF. Our study focused on HF hospitalizations and was not able to assess changes in HF care in outpatient clinics or emergency departments and as such may underestimate overall HF incidence rates. 43 Heart failure diagnosis and presence of comorbidities were based on the presence of administrative codes and not clinically confirmed; however, administrative codes have been shown to be highly specific for cardiovascular diagnoses and risk factors.
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CONCLUSION
From 1998 to 2008, the overall riskadjusted HF hospitalization rate declined from 2845 to 2007 per 100 000 person-years among Medicare fee-forservice beneficiaries. This decline was principally due to fewer individual patients being hospitalized with HF rather than a reduction in the frequency of HF hospitalizations. Black men had the lowest rate of decline for HF hospitalization among race-sex groups. Riskadjusted 1-year mortality with HF hospitalization was 31.7% in 1999 and 29.6% in 2008. Substantial geographic variation existed for both HF hospitalization and 1-year mortality rates, representing marked differences in outcomes that are not explained by insurance status.
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